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We examined the expression of the gap junction proteins 
connexin 26 (Cx26), 32 (Cx32), and 43 (Cx43) in keratino-
cytes of newborn mouse epidermis to elucidate which con-
nexins are expressed in keratinocytes in intact skin of new-
born mice, and whether the expression of connexins is 
modulated during terminal differentiation of keratinocytes. 
Immunofluorescent staining using antibodies against Cx26, 
Cx32, and Cx43 combined with type-specific anti-keratin 
immunohistochemistry showed that Cx26 was expressed in 
keratinocytes in the granular layer and in the upper part of the 
squamous layer, whereas Cx43 was localized in keratinocytes 
in the basal layer and in the lower part of the squamous layer. 
No specific staining of Cx32 was found in mouse epidermis. 
G ap junctions are the transmembrane channels that directly link neighboring cells and mediate recipro-cal exchange of low-molecular-weight metabolites and ions, including second messengers such as cyclic adenosine monophosphate (cAMP), inositol tris-
phosphate, and Ca++, between the cells. Gap junctional intercellular 
communication is thought to playa crucial role in the maintenance 
of homeostasis, morphogenesis, cell differentiation, and growth 
control in multicellular organisms [1-4] . 
Like most other epithelial cells, keratinocytes in epidermis are 
connected by gap junctions. Gap junctions in keratinocytes in intact 
skin were detected electron microscopically [5], by using electron-
dense trace rs such as lanthanum [6], and by using freeze-fracture 
replicas [7]. Existence of gap junctional intercellular communica-
tion in keratinocytes ill {;ivo or ill vitro was demonstrated by electro-
physiologic-techniques [8-10] and by dye-transfer assay [10-12]. 
Involvement of gap junctional intercel lular communication in the 
differentiation and cell growth of keratinocytes in epidermis was 
suggested by the studies usin~ the. dye ~ransfer method [11,1 2]. 
These studies showed that gap Junctionalll1tercellular communica-
tion in mouse and human skin is restricted to vertical compartments, 
which could be related to the organization of the epidermal prolif-
erative unit [13] . 
The gap junction channels are composed of hexagonal arrange-
ments of oligomeric proteins called connexins (Cx) [14]. Thus far, 
Manuscript received April 8, 1993; accepted for publication June 23, 
1993. 
Reprint requests to: Dr. Masahito Oyamada, Department of Pathology, 
Sapporo Medical University School of Medicine, S1, W17, Chuo-ku, Sap-
poro 060, J apan. 
Abbreviations: Cx, connexin; RT, room temperature. 
Double staining of Cx26 and Cx43 revealed that some ke-
ratinocytes in the squamous layer expressed both connexins, 
but that in most cases localization of the two kinds of con-
nexins was different, i.e., Cx26 was local ized on the upper 
surface, w hereas Cx43 was present on the lower surface of 
the plasma membrane of keratinocytes. N orthern and West-
ern blot analyses confirmed that Cx26 and Cx43, but not 
Cx32, were expressed at mRNA and protein levels in new-
born mouse skm. These results suggest that the modulation 
?f conne::cin expressio~ f:om Cx43 to Cx26 takes place dur-
mg t~nmnal dIfferentl~tJon of keratinocytes in mouse epi-
denms. Key words: l11tercellular communication/mouse 
skin.] Invest DermatoI101 :773-778, 1993 
approxi mately ten different homologous connexin sequences have 
been cloned and characterized in the mouse or rat genome [15]. 
Most organ~ and many cell types have been shown to express multi-
pl~ con.nexllls. Expression of connexins in keratinocytes in intact 
skm or m culture has been investigated by immunofluorescence and 
Norther~ and :Ve~tern blot analyses [16 -19]. However, the results 
of these lI:vestigatlOns have sometimes been contradictory. For ex-
ampl~, With respect to expression of connexins in mouse primary 
keratll1ocytes,]ongen et al [1 7] showed the expression of Cx43, but 
not Cx26, whereas Brissette et al [1 6] detected both Cx26 and Cx43. 
Alth~ugh a freeze-fracture study revealed that gap junctions exist in 
keratll10cytes from the basal to the granular layers [7], few studies 
have cente.red on what kinds of connexins are expressed in keratino-
cytes III different layers in intact skin, except that Guo et al [18] 
reported Cx43-uDmunoreactive plaques in regions of cell/cel l con-
tact of suprabasal cells in human epidermis. 
In this study, we performed immunofluorescence studies of new-
born mouse epidennis using antibod ies against Cx26-, Cx32-, and 
Cx43-speCific pept.ldes combined with immunohistochemistry for 
type-specific keratl11 expression to elucidate which Cxs are ex-
pressed .in ~eratinocytes in il.uact skin and whether the expression of 
connexll1s IS modulated dUrIng terminal differentiation ofkeratino- · 
cytes. 
MATERIALS AND METHODS 
Animals Newborn CD-1mice, 24-48 h old, were used. Dorsal skin was 
rapidly frozen in T issue-Tek O .C.T . compound (Miles Inc., Elkhart, IN) for 
immunofluorescence study. Additional portions were quick-frozen in liquid 
nitrogen for RNA extraction. 
Immunofluorescence Frozen sections about 4-Jlm thick were cut on a 
cryostat and placed on poly-L-lys ine- coated sl ides. The sections were fixed 
with acerone for 10 min at - 20 · C and dried. After rinsing in phosphate-
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buffered saline (PBS) containing 5% skim milk for 20 min, the sections were 
first incubated with one of the following antibodies for 1 h at room tempera-
ture (RT): a rabbit polyclonal anriserum against a Cx26-spccific peptide 
(amino acid residues 101-119) [20J (1/6000 dilution), a rabbit antl-J-
peptide antiserum againsr Cx32 [21] (1/100 dilution) , or a rabbit polyclonal 
antiserum against Cx43-specific peptide (amino acid residues 360-376) 
(1/8000 dilution). After washing in PBS, the sections were reacted with 
swine fluorescein-conjugared antj-rabbit immunoglobulins (1/50 dilution; 
DAKO, Copenhagen, Denmark) for 1 h and examined under a fl uorescence 
microscope. Some sections were double-stained for either Cx26 or Cx43 and 
keratins 5/6 (K5/6), keratin 10 (K10), or keratin 14 (K14), in which mouse 
anti-K5/6 monoclonal anribody (1/20 dilution; Boehringer Mannheim, 
Mannheim, Germany), mouse ami-K10 monoclonal antibody (1/100 dilu-
t ion; ICN ImmunoBiologicals, Costa Mesa, CAl, or mouse anti-K14 mono-
clonal antibody (1/1000 dilution; Novocastra Laboratories Ltd., Newcastle-
upon-Tyne, UK) and horse Texas Red - conjugated ami-mouse 
immunoglobul ins (1/40 dilution; Vector Laboratories, Inc., Burlingame, 
CAl were uti lized. Some sections were double-stained for Cx26 and Cx43 
by utiliz ing mouse monoclonal antibody against Cx43 (1/1000 dilution; 
Zymed Laboratories, Inc., San Francisco, CAl. As positive controls, mouse 
liver and heart sections were used for Cx26 and for Cx43, respectively. 
Northern B lot Analysis Total RNA was isolated from newborn mouse 
skin and adul t mouse heart and liver us ing a single-step th iocyanate-phenol-
chloroform extraction method [22J . The concentration of RNA was deter-
mined by measuring absorption at 260 nm and 10/lg of tot.,l RNA was run 
on a 1 % agarose/formaldehyde gel containing 0.2 /lg/ml of ethidium bro-
mide. Gels were capillary-blotted in 20 X standard saline citrate (SSe) onto 
nylon membranes (Hybond N; Amersham, Buckinghamshire, UK) and 
fixed by ultraviolet (UV) light. The digoxigenin (DIG) luminescent detec-
tion system (Boehringer Mannheim) was used and the protocol described by 
Holtke et al [23J was followed exactly. Transcriptions for the generation of 
DIG-labeled antisense RNA probes for Cx26 [24], Cx32 [25], and Cx43 [26J 
were performed with SP6, SP6, and T3 RNA polymerase (Boehringer 
Mannheim), respectively, after linearization of the template DNAs. Mem-
branes were pretreated with 50% (v/v) formamide, 5 X SSC (pH 7.0) , 2% 
(wt/vol) blocking reagent (Boehringer Mannheim), 0.1 % (wt/vol) N-Iaur-
oyl-sarkosine, 0.020/0 (wt/v) sodium dodecyl sulfate (SDS) at 68· e for 1 h. 
RNA was then hybridized overnight in the same buffer with the DIG-la-
beled probes. Stringent washes were performed for 5 min at RT with 2 X 
SSC and 0.1 % SDS twice, fo llowed by 15 min at 68· C with 0.1 X SSC and 
0.1 % SDS twice. X-ray films were exposed at RT for 2-30 min. 
Western Blot Analysis For Western blot analysis, whole-tissue fractions 
were prepared and gap junction proteins of tissue homogenates were 
enriched by alkali treatment according to the method of Herzberg et al [27J. 
Newborn mouse skin and adu lt mouse liver were immediately excised from 
the animal, placed in 20 mM NaHCO l , and homogenized using a Potter-
Elvehjem homogenizer. After brief sonication, homogenates were centri-
fuged at 48,400 X g at rm " for 20 min. The pellets were washed with 20 mM 
NaOH and then 1 mM NaHCO l , using the same centrifngation condi tions, 
and resuspended in bicarbonate buffer. The pellets were solubil ized in 
Laemmli sample buffer without dithiothreitol (DTT) for at least 30 min at 
RT. 
Approximate protein concentration was determined by a bicinchonic acid 
protein assay reagent (Pierce Chemical Co., Rockford, IL). Approximately 
20 pg of protein for each sample was treated with DTT (final concentration 
oflOO mM) for 15 min at RTand then loaded on 10-20% SDS-polyacryla-
mide gels (Daiichi Pure C hemicals Co., Ltd., Tokyo, Japan). Proteins were 
electrically transferred to nitrocel lulose membranes (Bio-Rad, Richmond, 
CAl using a semi-dry blotting for 2 h (0.65 mA/cm2), stained with Ponceau 
S (Sigma, St. Louis, MO), and then photographed. The membranes were 
saturated overnight at 4·e with a blocking buffer (25 mM Tris, pH 8.0, 125 
mM NaCl, 0 .1% Tween 20, 4% skim mi lk, 0.1% Na azide) and incubated 
with rabbit anti-Cx26 or anti-Cx43 at the dilution of 1/5000 in the blocking 
buffer at RT for 2 h. T he membranes were washed with the buffer three 
times and incubated w ith alkaline phosphatase-col\iugated anti-rabbit IgG 
(1/7500 di lution) (Promega, Madison, WI) at RT for 1 h. After wash ing 
three times, bound antigens were visualized using 5-bromo-4-chloro-3-in-
dolyl phosphate and nitroblue tetrazolium as chromogenic substrates. The 
total lysate of primary neonatal rat cardiac myocytes cultured for 7 d was used 
as a positive contro l for Cx43. Primary neonatal rat cardiac myocytcs were 
lysed in a buffe r (25 mM Tris-HCl, 50 rnM NaCl, 0.50/0 sodium deoxycho-
late, 2% NP-40, 0.2% SDS, 1 mM phenylmethanesulphonyl fluoride, apro-
tinin 50 /lg/ml, pH 7.4), centrifuged at 15000 X g for 15 min at 4·C and the 
supernatant was used for Western blot analysis. 
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Figure 1. Immunofluorescent staining of Cx26 in newborn mouse skin. a) 
Phase-contrast Image. Bar, 20 pm. b) Same section under epifl uorescent 
optics. c) Phase-contrast image with a higher magnification. Bar, 10/lm. d) 
Same section under epifluorescent optics. 
RESULTS 
Immunofluorescence Newborn mouse epidermis was thick 
enough that the different layers of stratified keratinizing tissues 
cou ld be clearly recognized, whereas adul t back epidermis was con-
siderably thinner, so that th e squamous and granular layers were 
only slightly recognizable (data not shown) . T herefore, the present 
Immunofluorescence study was performed on sections from new-
born mouse skin using specific an tibod ies to Cx26, Cx32, and 
Cx43. 
The polyclonal antibody against Cx26-specific peptides revealed 
macular staining on membranes between adjacent keratinocytes in 
the granular layer and in the upper part of the squamous layer (Fig 
1). Cx26 was more ab undant in the granular layer than in t h e squa-
mous layer. No fluorescent spots were detected in basal keratino-
cytes with the anti-Cx26 antibody. 
The polyclonal antibody against Cx43-specific peptides showed 
~nacular fluorescent p laques on membranes between keratinocytes 
111 the basal layer and 111 the lower part of the squamous layer (Fig 2). 
In addition to the localization of Cx43 on t h e p lasma membrane, 
some Cx43 fl uorescent spots seemed to be localized in cytoplasm, in 
accordance w ith the findings reported by Berth o u d et af [28)' N aus et 
af [29], and Puranam et af [30]. Cx43-positive spots were scarcely 
found in keratinocytes in the granular layer. Cx43 was o bserved on 
the lateral surfaces of basal keratinocytes, incl uding attachment sites 
to the basal lamina, but whether Cx43 is expressed in t h e p lasma 
membrane at the undersurface of basal keratinocytes was n ot clari-
fied in the present stu dy. T h e resul t ob tained by use of t h e mouse 
monoclonal antibody aga inst Cx43 was essentiall y t h e same as that 
with the rabbit antibody against Cx43 (F ig 2J) . Hair fo llicles were 
immunolabeled with the anti-Cx43 (Fig 2b) and anti-Cx26 anti-
bodies (data not shown), in agreement with the report of Risek ei af 
[31 J. 
With t h e polyclonal antibody agains t Cx32-specific peptides no 
specific staining was observed throughou t t h e mouse skin (Fig 3c). 
In the absence of the first antibody, only a little u nspec ific fluores-
cence w as noted in the mouse skin {Fig 3d }. T he anti- Cx26 and 
anti-Cx43 antibodies demonstrated the expected punctate pattern 
of gap junctional p laques in liver and in h eart, respectively (Figs 
3e,f). 
To elucidate the localization of t h e Cxs in more detail , we per-
formed double staining of Cx26 or Cx43 and different kinds of 
keratins, of which expression depends on the differentiation of ke-
ratinocytes in epidermis [32]. We used anti-KS/6 and anti-K14 
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Figure 2. Irrununofluorescent staining of Cx43 in newborn mouse skin. a) 
Phase-contrast image. Bar, 20 pm. b) Same section stained with the rabbit 
polyclonal antiserum against Cx43. c) Phase-contrast image with a higher 
magnification. Bar, 10 pm. d) Same section stained with the rabbit poly-
clonal antiserum against Cx43. e) Phase-contrast image. Bar, 10 pm.f) Same 
section stained with the mouse monoclonal antibody aga inst Cx43. 
antibodies to label basal keratinocytes, whereas anti-KID antibody 
was utilized for the labeling of suprabasal keratinocytes. T he anti-
K5/6 (Figs 4e,j) and anti-K14 (data not shown) antibodies revealed 
strong cytoplasmic staining in basal cells as well as weak staining in 
keratinocytes in the lower part of the squamous layer, whereas KiD 
was negative in basal keratinocytes (Figs 5e,]). These data were in 
accordance with previously reported findings [33] . Keratinocytes 
that were positively stained with anti-Cx26 expressed KlO (Fig 5c) , 
but did not express K5/6 (Fig 4c) or K14 (data not shown) . On the 
other hand, the expression of Cx43 was basically restricted to kera-
rinocytes that expressed K5/6 (Fig 4d) and K14 (data not shown), 
with the exception that on rare occasions Cx43 was localized on the 
upper surface of keratinocytes in the upper part of the squamous 
layer that "Were negative for K5/6, but positive for Kl0. These data 
revealed that Cx26 is expressed in keratinocytes in the granular 
layer and in the upper part of the squamous layer, whereas Cx43 is 
localized in keratinocytes in the basal layer and in the lower part of 
the squamous layer. 
To assess whether individual keratinocytes express both Cx26 
and Cx43, and if this is the case, whether both cOllnexins co localize 
at the same gap junction plaques, double staining of Cx26 and Cx43 
was perforrn.ed using rabbit anti-Cx26 antibody and a mouse mono-
clonal antibody against Cx43. About 50% of keratinocytes in the 
upper part of the squamous layer expressed both Cx26 and Cx43 
(Fig 6), but in most cases the localization of connexins was different. 
Cx26 was localized on the upper surface, whereas Cx43 was present 
on the lo"Wer surface. However, on rare occasions, it seemed that 
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Figure 3. Im~1Unofluorescent controls. a,b) Phase-contrast images of new-
bor.n mouse Sk111. Bar, 30 pm. c) Same section as a stained with anti-Cx32 
antibody. d) Same. section as /) in the absence of the primary antibody. e) 
Cx261ocahzatIOn 111 mouse hver. Bar, 50 pm.f) Cx43 localization in mouse 
heart. Bar, 30 lim. 
Cx2~ and ~x43 were colocalized in the same gap junction plaques 
at a Itght Il1lcroscopic level. 
Northern Blot Analysis Total RNA from newborn mouse skin 
was examined for Cx26, Cx32, and Cx43 using specific DIG-la-
b~led RNA probes. Under stringent conditions, clear bands of 2.5 
ktlobase paIr (kb) with the Cx26 probe and 3.1 kb with the Cx43 
pr.obe were detected in mouse skin (Fig 7). These are in accordance 
With the reported transcript sizes for Cx26 and Cx43 mRNAs 
[24,26] . No bands were observed in mouse skin with the Cx32 
probe even after longer exposure. 
Western Blot Analysis Alkali-treated tissue homogenates of 
newborn mouse skin were examined by Western blot analysis using 
the same antl-Cx26 and anti-Cx43 antibodies utilized for immuno-
fluorescence. As positive controls, we used mouse liver and rat car-
dia~ myocytes for Cx26 and Cx43, respectively. The anti-Cx26 
antibody. showed an - 24-kilodalton (kD) band in mouse skin and 
mouse hver, whereas the anti-Cx43 antibody reacted with an 
- 43-kD band 11l mouse skin and rat cardiac myocytes (Fig 8). None 
of these bands. we~e ~ound in the absence of the primary antibodies 
under otherwise slmllar conditions (data not shown). 
DISCUSSION 
The present immunofluorescence study has clearly shown that, in 
newborn mouse eplden111s, keratinocytes express Cx26 and Cx43 
and that different connexins are expressed during differentiation of 
keratinocytes. Cx26 was demonstrated only in keratinocytes in the 
granular layer and in the upper part of the squamous layer. On the 
other hand, the expression of Cx43 was limited to keratinocytes in 
the basal layer and in the lower part of the squamous layer. Al-
though some keratinocytes in tl:e squamous layer expressed both 
Cx26 and Cx43, Cx26 was localized on the upper surface, whereas 
Cx43 was present on the lower surface of the plasma membrane of 
those keratinocytes. T he Northern and Western blot analyses con-
776 KAMlBAYASHI EY AL 
Figure 4. Double immunofluorescent staining of Cx26 or Cx43, and kera-
tins K5/6 in newborn mouse skin. a,b) Phase-contrast images. Bars, 10 f.lm. 
c) Same section as a stained with anti-Cx26 antibody. d) Same section as b 
stained with anti-Cx43 antibody. e) Same section as a stained with anti-K5/6 
. antibody. f) Same section as b stained with anti-K5/6 antibody. Arrows, 
borders between epidermis and dermis. 
firmed that Cx26 and Cx43, but not Cx32, were expressed at 
mRN A and protein levels in newborn mouse skin that included not 
only epidermis but also dermis. 
With regard to the presence of both Cx26 and Cx43 in keratino-
cytes, the data we obtained in the present study are consistent with 
reports that mouse primary keratinocytes in culture express both 
Cx26 and Cx43 [16], and that Cx43 and Cx26 are expressed in 
keratinocytes of the rat epidermis [31 ,34]. In contrast, our data are 
inconsistent with those of Guo et af [1 8] and Meda et al, * who 
reported that Cx43 is localized in regions of celli cell contact of 
suprabasal cells, but not in basal or lower spinous keratinocytes ill 
normal adult human skin and neonatal foreskin. They could find no 
Cx26 in any cell types in the skin. The most probable explanation 
for the discrepancy is species difference, not age difference, because 
newborn mouse skin differs markedly from adult human skin from 
both the developmental and the histologic viewpoints, and we 
found Cx26 in keratinocytes in adult mouse epidermis (data not 
shown). 
Nishi et al [35] demonstrated that gap junctional gene expression 
can be modulated during the differentiation of a single cell type. 
They found that during differentiation of F9, teratocarcinoma cell 
line Cx32 was detected only in the visc\!ral endoderm population, 
although all the different cell types expressed Cx43 mRNA at very 
• Meda P, Masg rau E, Saurat J -H, Salomon D: Identification of connexin 
43, a gap junction protein, of human epidermis (abstr). ] 1mlest Derlllato/ 
95:480, 1990 
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~igure 5. Double immunofluorescent staining of Cx26 or Cx43, and kera-
tm KID In newborn n~ouse skin. a,b) Phase-contrast images. Bars, 10 }lm. c) 
Sal~)e section as. a stamed with anti-Cx26 antibody. d) Same section as b 
stall1ed wIth antl-Cx43 antIbody. e) Same section as a stained with anti-KI O 
antibody. f) Same section as b stained with anti-KID antibody. Arrows 
borders between epidermis and dermis. ' 
high levels and expressed Cx26 mRNA at different levels. Stuten-
kemper e.t al [36] also found that the Cx phenotype is sensitive to the 
differentiated ~ tate of the cell, that is, the hc:patocyte-specific phe-
notype of munnehver cell s correlates with lugh expression of C x32 
and Cx26 but with very low expression of Cx43. In the present 
study, we found that dunng termmal differentiation of keratino_ 
cytes in mouse epidermis, the Cx expression is modulated from 
Cx43 to Cx26 and that some keratinocytes express both connexins. 
Our results are in agreement with the findings obtained by Risek fr 
a! [31] for rat skm development. T hey observed differential expres-
sl(~n of Cx43 and Cx26 111 the newly formed epidermal layers, 
cOll1cldll1g With the differentiation of the rat epidermis. 
. The mechanisms underlying normal keratinocyte differentiation 
l11volve the regulation of expression of a number of structural and 
non-structural genes [37]. Among them, keratins are the mOSf 
prominent proteins of keratinocytes and the major differentiation 
product of skll1. In the basal layer, keratinocytes synthesize keratins 
K5 and K14. In suprabasal cells, K5 and K14 gene expressions ate 
repressed and synthesis ofa. new subset of differentiation-specific 
keratll1s? K1 and KiO, IS 1l11~lated. T hese become the quantitatively 
predomll1ant protell1s of dIfferentiated keratinocytes. It has been 
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Figure 6. Double immunofluorescent staining of Cx26 and Cx43 in n~w· 
born mouse skin. a) Phase· contrast image. ~ar, 1~ J1m. b) Same section 
stained with anti-Cx26 antibody. c) Same section stamed with mouse mono-
clonal antibody against Cx43. The same cell is marked by asterisks. 
hown that keratin expression is largely regulated at the transcrip-
tional level by hormones, vitamins, and calcium [37,38]. and that 
keratinocyte-specific expression is contr~lled. compl~xly through 
interactions among various hormon~s, vltamms, .thelf nuclear re-
cel?tors, and upstream regulatory regIOns ofkeratm genes [37,39-
41J. I ff· The turn-on of Cx43 in the basal layer, its subsequent s 1Ut-O Lll 
the suprabasal layers, and the turn-on of Cx26 in th~ s~prabasal 
layers are expect~d to be regulate? at the level o~ transcnptlOn, as Lll 
the case of keratm gene expressIOn, but little ~s known about t?e 
olecular mechanisms underlying tissue-specific and dIfferentIa-~on-dependent gene expression of connexins. Hennemannet af [42] 
very recently reported sequences of mouse Cx26 and Cx3~ pro-
moter regions. In spite of the fact that bot1~ genes show s~mllar 
genomic organization, consensus-bllldlllg sites for transcnptIon 
Cx26 Cx32 Cx43 
1 2 3 4 5 6 7 8 9 
285 2aS 285. 
- - II 
laS 185 185 -
-
-
FigUre 7. Northern blot ana.!yses for Cx26, Cx32, and Cx43 in new~orn 
mouse skin, adult mouse heart, and liver. Tota'! RNAs (20 J1g) were fra~tion­
au:d by electrophoresis in a 1 % agarose-formaldehyde gel and hybndlzed 
with digoxigenin- labeled Cx26 (lall es 1-3), Cx32 (lalles 4-6}, and Cx43 
,RNA probes (falles 7-9). Lalles 1, 4, and 7, newborn mouse skin; falles 2,5, 
2Ild 8, adult mouse heart; latles 3, 6, ~nd 9, ad~lt mouse liver. T he lower half 
of the figure shows ethidium bromide stammg of nbosomaI RNAs before 
transfer to membranes. 
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Figure 8. Western blot ana.!yses for Cx43 and Cx26 in newborn mouse 
skin, rat cardiac myocytes, and adult mouse liver. Proteins extracted as de-
scribed in Materials and Methods (about 20 Jig/lane) were separated by SDS-
PAGE and transferred to nitrocel lulose. Lalle.1 1-4 were stained with 
Ponceau S. Lalles 5 -7 were reacted with anti-Cx43 antibody. Lalles 8-10 
were reacted with anti-Cx26 antibody. Lalle 1, molecular weight marker; 
falles 2,5, and 8, newborn mouse skin; lalles 3, 6, and 9, rat cardiac myocytes; 
falles 4, 7, and 10, adult mouse liver. The anti-Cx43 antibody shows an 
- 43-kD band (arrowhead) in mouse skin (lalle 5) and rat cardiac myocytes 
(fane 6). The anti·Cx26 antibody reacts with an - 24·kD band (arrow/lead) 
in mouse skin (latl e 8) and adult mouse liver (lane 10). 
factors in the putative promoter regions of both genes revealed few 
common denominators. The distinct features of promoter se-
quences of the two Cxs could explain the phenomenon of keratino-
cytes expressing Cx26, but not Cx32. However, any of the possible 
common regulatory elements involved in keratinocyte-specific 
gene expression have been identified in the mouse Cx26 promoter 
region [42]. To date, no reports have appeared concerning the pro· 
moter region of mouse Cx43 gene. Bertram and colleagues [18,43] 
reported that retinoids or retinoic acid increased Cx43 mRNA and 
Cx43 protein in intact human skin, cultured keratinocytes, and 
C3H 10Tl/2 cells, at least at a certain concentration. Retinoic acid 
may directly regulate Cx43 expression by interaction with its recep-
tor and the Cx43 gene, or indirectly by negative control of tran-
scription of a number of differentiation-specific epidermal genes. 
Further studies on regulatory regions of the Cx43 gene and func-
tional analysis of the putative regulatory elements reported earlier 
by gel-shift assays and by reporter gene constructs are necessary to 
understand the molecular mechanisms of differentiation-specific 
Cx gene expression in epidermis. 
Recent molecular cloning studies have shown that new members 
of the connexin fami ly, that is , two Cx31 transcripts of 1.9 and 2.3 
kb [44], the 1.6-kb Cx31.1 mRNA, and two Cx30.3 transcripts of 
1.9 and 3.2 kb [45] , are expressed in mouse skin and keratinocyte-
derived cell lines. When appropriate antibodies against these con-
nexins become available, it would be of interest to examine whether 
expression of these Cx genes is related to terminal differentiation of 
keratinocytes. 
In conclusion, we have immunohistochemically studied the ex-
pression of connexins in keratinocytes in newborn mouse epider-
mis. We have demonstrated that Cx26 was expressed in keratino-
cytes in the granu lar layer and in the upper part of the squamous 
layer, whereas Cx43 was localized in keratinocytes in the basal layer 
and in the lower part of the squamous layer. The modulation of 
connexin expression from Cx4~ to Cx26 appears. to occur during 
differentiation of keratLllocytes 111 mouse epidermiS. 
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